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Spin Echo - How does it work
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Data Analysis Procedure
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Magnetic Scattering

& The spin in the sample does the  flip.
No need for the m flipper

NEED xyz-analysis to scale data
(need a resolution sample)

& Must be aware of magnetic excitations in the
“neutron energy window” of the experiment (6A
= 2.3meV = Visit DCS first)

& Polarised beam so FM correlations kill us.

* Beware of Bragg peaks




The NSE
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xyz Polarization Analysis - the Idea

Types of scattering processes Effect on neutron spin

in a paramagnet,
magnetic moment
directions are
isotropically
distributed

e nuclear coherent scattering (Bragg) no effect

« isotope incoherent scattering no effect

e spin incoherent scattering spin flip (2/3 probability)

e magnetic scattering spin rotation
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xyz Polarization Analysis - Reality

1,2 - flipper
3 - detector




xyz Polarization Analysis - Equations

case | non spin fip (“up’) spin fip (“down’)
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SPIN GLASSES

Model assuming different T and E in

different parts of the sample.
Mezei, Solid State Comm. 45 411, 1983 ~

At Tg and below - power law
above Tg - Ogielski function

B increases from 1/3
Pappas, Solid State Comm. 68 054431, 2003
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SPIN [CE

Spin Ice Crystal Structure
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Water ice Spin ice

CEF constraints spins to local <111> axes




PRISMA T =50 mK S.T. Bramwell et al.,
PRL 87, 047205 (2001)



5 Ho,Ti,0, experimental data

— estimated nuclear component
o electronic (exp. — nuclear)

* MC electronic component

A. P. Ramirez etal., S.T. Bramwell et al.,
Nature 399, 333 (1999). PRL 87, 047205 (2001).
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COMPARISON WITH
AC SUSCEPTIBILITY
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CONCLUSION

NSE works perfectly to study the dynamics of spin ice:
- works in the time domain
- gives just the right time range
-  information tells it is single ion relaxation
- data is ‘clean’ because magnetic scattering is separated

NSE proves that there are relaxation mechanisms
In Spin Ice.

Consistent picture with ac susceptibility results.
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Gd:Ti2O7 - Unpolarised diffraction

1.2x10° e
0.8
0.6

0.4
(1/2, 112, 1/2) 02

[

(0))
x
—
(@)
w

1/21/21/2

0.0 |||||||||||||||||||||||||||||||||||||||||:

70X10:3 T [T [T [T T T[T T T [TT T[T T I T[T T TTTTT
60
50
40
30

&)

('n ') Ausuayu|

N

3/21/21/2

Counts (10 minutes)

s b bt by b e s b 1

IIIIIIIIIIII|IIII|IIII|IIIIIIIII|IIII|I

11 12 13
20 (deq)

5/23/21/2

0.0 0.2 0.4 0.6 0.8
Temp. (K)




1k structure 4k structure




Gd.Ti20O7 - polarised neutrons
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Gd.Ti207 - NSE results
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Gd,Ti»O7 - NSE results

O Even small samples can be measured.
O Rem. 1/2 g sample, 7 Bohr Magnetons

O Spin Echo reveals 3/4 spins relax with a
single tfime constant

O With more data could reveal interesting
temperature dependence.
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Although there are
magnetic correlations
below 60 K, there is no

LRO above 0.5 K.
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2Ti207 - the echo
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